In 2003, many small ellipsoidal or spindle-shaped leaf galls were found on Artemisia princeps (Asteraceae) that had been cultivated as an edible crop plant in Okinawa Prefecture, Japan. The galls were similar to those induced by Rhopalomyia foliorum (Diptera: Cecidomyiidae) on Artemisia vulgaris in Europe and those attributed to an unidentified Rhopalomyia species on wild A. montana and A. princeps in Japan. The morphological features and molecular sequencing data indicate that the pest gall midge in Okinawa and the unidentified species are identical to R. foliorum, which is redescribed, with new biological information. The proportion of cultivated Artemisia plants that bore the leaf galls was 55.63-96.46%, a much higher proportion than on wild Artemisia. We consider that R. foliorum has shifted from non-pest to pest status in Artemisia fields under intensive cultivation that includes frequent harvesting of shoots and the application of rich nutrient fertilizer.
INTRODUCTION
Sometimes native non-pest herbivorous insects may suddenly become pests when some environmental factors have changed to favor the insects so that populations increase. In Japan, for example, land-use change and dry and hot summers have provided fruit bugs, such as Glaucias subpunctatus (Walker) and Plautia crossota stali Scott (Hemiptera: Pentatomidae), with good cone production of the conifers Cryptomeria japonica (Linnaeus) D. Don (Taxodiaceae) and Chamaecyparis obtusa (Siebold et Zuccarini) Endlicher (Cupressaceae). The good cone production has been responsible for their abundance during the last 30 years (e.g. Kiritani, 2006) . Similarly, the maize orange leafhopper Cicadulina bipunctata (Melichar) (Hemiptera: Cicadellidae) has increased in number since 2001 possibly due to global warming with the extension of the maize-cultivating seasons resulting in outbreaks in 2004 (Matsumura et al., 2006) . In North America, the Colorado potato beetle, Leptinotarsa decemlineata (Say) (Coleoptera: Chrysomelidae), rapidly became the most important and destructive insect pest of the cultivated potato after it had expanded its host range from an unknown ancestral host plant onto the potato some 150 years ago (Hare, 1990) .
Artemisia princeps Pampanini (Asteraceae) is an herbaceous plant that occurs widely in Japan, except in Hokkaido and in the Korean Peninsula (Hotta et al., 1989) . In Okinawa, the most southern prefecture of Japan, A. princeps has been planted in private gardens and frequently used as an edible plant. Otherwise wild plants of A. princeps have been taken directly from the wild for occasional use. Young shoots of Artemisia are regularly used in Okinawa to flavor noodles, rice, and pork and vegetable dishes. The leaf galls render the cooking herb unsightly and unpalatable. About 30 years ago, a farmer started cultivating A. princeps commercially in Okinawa Prefecture (Fig. 1A) . Thereafter, other farmers followed his lead and began to cultivate A. princeps extensively, using fertilizer. The area of Artemisia fields now covers at least 1.5 ha in Okinawa Prefecture. In May 2003, one of the farmers noticed and informed us of the presence of many small ellipsoidal or spindle-shaped galls ( Fig. 1B and C) on upper-and undersurfaces of cultivated A. princeps leaves in his Artemisia field in Ohton, Yaese Town (previously Gushikami Village), Okinawa Prefecture. At once, we visited the same field to confirm the infestation of Artemisia leaves and initiated field surveys and collections. The gall inducer seemed to be a gall midge species of the genus Rhopalomyia (Diptera: Cecidomyiidae), which contains at least 250 species world-wide (Gagné, 2004) . The galls were similar to those induced by Rhopalomyia foliorum (Loew, 1850) on the leaves of Artemisia vulgaris Linnaeus in Europe (Figs. 18-20 of plate 22 in Rübsaamen and Hedicke, 1926) . The galls also resemble those induced by an unidentified species of Rhopalomyia (Rhopalomyia sp., hereafter) on Artemisia species in various places in Japan.
In order to identify the pest gall midge in Okinawa, we compared its morphological features and molecular sequencing data with those of R. foliorum collected from the UK and with the Rhopalomyia sp. from various localities in Japan. They induce similar leaf galls on Artemisia and therefore seemed to be appropriate candidates for comparison. Gall shape is generally species-specific (e.g. Yukawa and Rohfritsch, 2005) , although a few species exhibit gall polymorphism (e.g. Ganaha et al., 2007; Mishima and Yukawa, 2007) . In this paper, we identify the pest gall midge and provide information on its morphological features, host range, gall, distribution, and life history traits. We also report the present pest status of the gall midge and discuss reasons why this gall midge has become a pest in Okinawa Prefecture. 488 T. GANAHA et al. 
MATERIALS AND METHODS
Gall midges of the genus Rhopalomyia. Almost all species of the genus Rhopalomyia induce galls on Asteraceae (Gagné, 1989 (Gagné, , 1994 . In Japan, 11 nominal and two unidentified species of the genus are known to induce galls on Artemisia, Dendranthema, and Chrysanthemum (Asteraceae) (Yukawa and Masuda, 1996; Nohara and Yukawa, 2003; Ganaha et al., 2004 Ganaha et al., , 2007 . Until now, only Rhopalomyia cinerarius Monzen and R. yomogicola (Matsumura) were known to occur in Okinawa Prefecture (Yamauchi et al., 1982; Yukawa and Masuda, 1996) . In Japan, Rhopalomyia gall midges usually have two or more generations a year, overwinter as mature larvae in the galls on withered host plants and pupate in the galls (Yukawa and Masuda, 1996) .
Collection and preservation of specimens, and morphological study. (Table 2 ). In addition to our own collecting efforts, some of our colleagues cooperated in collecting the Rhopalomyia galls and gall midges at various localities in Japan (see details of specimens examined in the redescription of R. foliorum later in this paper). Larval, pupal, and adult specimens of R. foliorum were also collected from UK in 2002 and 2003 by KMH, NU, SS and JY (Table 2 ; and see also the specimens examined).
Eggs of the gall midge collected from Ohton, Yaese Town were measured under a binocular microscope. Some of the galls from Ohton were measured with slide-calipers to record gall size and then dissected under a binocular microscope to obtain gall midge larvae and pupae. In addition, we examined overwintering age structure of the pest gall midge by dissecting galls collected in February and March 2007 from Ohton, Yaese Town, Okinawa Prefecture. Unparasitized mature larvae and 489 A Gall Midge Pest of Cultivated Artemisia pupae were picked out of the galls and kept in 70-75% ethanol for morphological studies or in 99% acetone or ethanol for DNA analysis. The remaining galls were maintained in plastic containers (300 mm in diameter, 370 mm in depth) to rear adults. Adults emerging were also put into 70-75% ethanol or 99% acetone or ethanol.
The specimens stored in 70-75% ethanol were mounted on slides in Canada balsam for microscopic study, based on techniques outlined in Gagné (1989) . These specimens were examined with bright-field and phase-contrast microscopy, using a Nikon ECLIPSE E400 microscope. Drawings were made with the aid of a drawing tube. Most of the adult morphological terminology follows usage in Gagné (1981) . Morphological terminology of larvae generally follows usage in Möhn (1955;  originally written in German) that was translated into English in Yukawa (1971) , and the terminology of pupae follows that in Gagné (1994) .
The slide-mounted specimens examined in this study are kept in the collection of the Entomological Laboratory, Faculty of Agriculture, Kyushu University, Fukuoka, Japan.
Field survey in Okinawa. In 2003 and 2007, the proportion of gall-bearing Artemisia plants was surveyed at several fields in Ohton, Yaese Town and grasslands in Itoman and Uruma Cities (Table  1) . At the same time, we obtained from some farmers information on the history and methods of Artemisia cultivation, such as nursery management, time of shoot harvest, application of fertilizer, and use of insecticides. In addition, we searched for other Rhopalomyia gall midges on wild and cultivated Artemisia and cultivated Chrysanthemum in Ohton.
Field survey in Kyushu. To compare gall abundance in Artemisia fields with that in natural vegetation, the proportion of gall-bearing wild Artemisia plants was surveyed in 2006 in the dry riverbed of the Midorikawa River, Otomebashi, Mifune Town, Kumamoto Prefecture, Japan (Table  1) . In this dry riverbed, A. princeps is one of the most dominant plant species and galls of Rhopalomyia are known to be most abundant in autumn (Ganaha et al., 2006) . Wild plants of A. princeps were also surveyed in 2006 on the roadside near crop fields in Matono, the river edge of the Kitagawa River, Kitagawa Town, Miyazaki Prefecture, Japan. Gall abundance was expressed as the proportion of A. princeps plants that bore one or more galls. The average number of galls per leaf was not determined, because leaf size varied from tiny fresh leaves on extending shoots to fully developed leaves attached to main stems.
Molecular phylogenetic analysis. For every individual adult or larva analyzed, total DNA was extracted from the whole body with the Dneasy tissue kit (Qiagen, Japan) following the manufacturer's instructions. A region of the cytochrome oxidase subunit I (COI) gene fragment of mtDNA was amplified, purified, sequenced, and electrophoresed following the methods described by Yukawa et al. (2003) . See Ganaha et al. (2007) for the primers used for the amplification. The sequence data reported in this study are deposited in the DNA Data Bank of Japan, the European Molecular Biology Laboratory, and the GenBank nucleotide sequence databases with the accession numbers shown in Table 2 . The following outgroup taxa were included: Asphondylia yushimai Yukawa and Uechi that infests pods of Glycine max (Linnaeus) Merril (Fabaceae) (Accession No. AB164447) and Contarinia okadai (Miyoshi) collected from blossoms of Citrus iyo Hortorum ex Tanaka (Rutaceae) (Accession No. AB105485) ( Table 2) . A congeneric species Rhopalomyia longitubifex (Shinji) that induces axillary bud galls on Artemisia species (Accession No. AB162392) was also included in the analysis ( Table 2) .
The sequence data were analyzed with the neighbor-joining (NJ) method using the software package PHYLIP Version 3.66 (Felsenstein, 2006) . Evolutionary distances were calculated by Kimura's two-parameter method (Kimura, 1980) . The resulting trees were subjected to bootstrap analysis (Efron, 1982; Felsenstein, 1985) with 1,000 replications for the NJ cladogram.
RESULTS

Information on the cultivation of A. princeps in Okinawa
The mean density of A. princeps plants cultivated in the fields was 60.6 to 130.3/0.25 m 2 , from which the mean density per m 2 was estimated to be 242.4 to 521.0 (Table 3) . Plant density was extremely high compared with the scattered distribution pattern of A. princeps under wild conditions. According to a farmer, young A. princeps plants were originally transplanted from wild vegetation to the field and have been cultivated for at least 10 years with compound fertilizer 804 (Mitsubishi Chemical Agri, Inc., Japan) once a week and poultry manure occasionally. When the young plants grow up to about 30 cm in height, shoots of A. princeps are harvested periodically at about 45-day intervals. Old plants have been renewed by occasional transplantation of young plants.
Morphological comparison and description
Rhopalomyia species frequently exhibit speciesspecific features in the adult abdominal tergites and sternites and in larval and pupal morphology, such as dorsal and ventral papillae on the larval prothorax, larval terminal segment, and the pupal head. However, we could not find any morphological differences between the pest gall midge in Okinawa, R. foliorum in Europe, and Rhopalomyia sp. on A. princeps and A. montana in Japan ( Fig. 2A-D ; see also redescription below). Based on morphological comparison and results of molecular analysis (see below), the pest gall midge in Okinawa and Rhopalomyia sp. are identified as R. foliorum and redescribed below based on the Japanese and UK specimens, as the species was not fully described in the original description (Loew, 1850) .
Rhopalomyia foliorum (Loew, 1850) ( Fig. 2A-D) Cecidomyia foliorum Loew, 1850: 36 . Misospatha foliorum (Loew, 1850) : Kieffer, 1913: 45. Diarthronomyia foliorum (Loew, 1850) : Rübsaa-men and Hedicke, 1926; Barnes, 1949: 116; Möhn, 1955: 162. Rhopalomyia foliorum (Loew, 1850) : Gagné, 1975: 483; Skuhravá, 1986: 193; Gagné, 2004: 242. Hormomyia abrotani Trail, 1886: 250. Japanese name. Yomogi-hime-eboshi tamabae. Male. Eye bridge 4 facets long medially; frontoclypeal setae dense, 21 to 37 in number (Table 4) . Palpus 2 segmented; length of first and second palpal segments varying between specimens. Antenna: scape with 5 to 10 setae; pedicel with a few setae; flagellomeres consisting of 13 to 14 segments; first and second flagellomeres fused; basal enlargement of third flagellomere 0.9 to 1.5 times as long as wide. Wing length 1.5-2.0 mm, 2.3 to 2.6 times as long as wide (Table 4) ; R 5 joining costa at wing apex. Legs densely covered with blackish brown hairs; claws of all legs with basal tooth; empodium as long as claw; length of leg segments as in Table  4 . Abdominal tergites I to VII rectangular, wider than long, with 2 to 3 caudal rows of setae and a pair of anterior trichoid sensilla; tergite VIII narrower than the preceding, with single caudal row of setae and a pair of anterior trichoid sensilla. Abdominal sternites II to IV rectangular, wider than long, with middle and caudal rows of setae, and a pair of anterior trichoid sensilla; sternites V to VII 492 T. GANAHA et al. quadrate, the vestiture similarly arranged; sternite VIII with middle and caudal rows of setae, and without a pair of anterior trichoid sensilla. Genitalia: cerci setose, each large, rounded apically; hypoproct nearly as long as and distinctly narrower than cerci, the apex concave; gonostylus not distinctly arched, with a strong claw apically and fine hairs uniformly; inner angle of gonocoxite ventrally developed into a setose lobe, which is provided with a few protuberances; aedeagus longer than hypoproct, tapering to rounded apex. See Table 4 for detailed data of setal counts and measurements.
Female. Antenna with 11 to 12 flagellomeres; first and second flagellomeres fused; basal enlargement of third flagellomere 1.7 to 2.2 times as long as wide. Wing length 1.3 to 1.5 mm, 2.4 to 3.0 times as long as wide (Table 4) . Length of leg segments as in Table 4 . Abdominal tergites I to VI rectangular, wider than long, with single caudal row of setae and a pair of anterior trichoid sensilla; tergite VII narrower than the preceding, the vestiture similarly arranged; tergite VIII distinctly narrower than tergite VII, bare, with only a pair of anterior trichoid sensilla. Abdominal sternites II to V rectangular, wider than long, with middle and caudal rows of setae, and a pair of anterior trichoid sensilla; sternites VI to VII as in male; sternite VIII not sclerotized, bare, without one pair of anterior trichoid sensilla. Ovipositor elongate, 437.5 to 525.0 mm long, soft and pliable; cerci fused. Otherwise as in male. See Table 4 for detailed data of setal counts and measurements. Egg. Usually many eggs are laid in a cluster within young shoots (Fig. 1D) . Eggs are reddish orange and elongate ellipsoidal in shape with the mean long axis 0.27 mm (Nϭ20, ranging from 0.24 to 0.30 mm) and the mean short axis 0.07 mm (Nϭ20, ranging from 0.06 to 0.08 mm).
Mature larva. Body color milky white at first, changing to reddish orange at maturity; second antennal segment 10.0 to 16.3 mm long; cervical papillae without seta; six dorsal papillae present on prothoracic segment; eight dorsal papillae present on meso-and metathorax and first through seventh abdominal segments, each with seta, 11.3 to 17.5 mm long; two dorsal papillae of eighth abdominal segment each with 12.5 to 18.8 mm long seta; two pleural papillae each with 8.8 to 16.3 mm long seta; stigma present on prothorax and first through eighth abdominal segments; sternal spatula absent (Fig. 2A) ; lateral papillae reduced to two setose papillae on each side (Fig. 2A) ; two sternal papillae present on each thoracic segment without seta; inner pleural papillae on all thoracic segments with 8.8 to 16.3 mm long seta; two anterior ventral papillae without seta; the pair of posterior ventral papillae each with 7.5 to 16.3 mm long seta on first to seventh abdominal segments; two ventral papillae of eighth abdominal segment each with 7.5 to 15.0 mm long seta; three pairs of terminal papillae each with seta 8.8 to 16.3 mm long (Fig. 2B) ; two anal papillae without setae.
Pupa. Base of antenna gently rounded apically (Fig. 2C) ; cephalic pair of setae elongate, 145.0 to 188.8 mm in length; frons smooth; one pair of lower facial papillae each with seta 3.8 to 7.5 mm long (Fig. 2C) ; one of three pairs of lateral facial papillae each with seta 3.8 to 7.5 mm long (Fig.  2C) ; prothoracic spiracle 30.0 to 85.0 mm in length, rounded apically (Fig. 2D) ; abdominal spiracles short, rounded apically, present on second to sixth abdominal segments. In addition to these slide-mounted specimens, many other specimens collected from various localities in Japan are kept in 70-75% ethanol in the collection of Entomological Laboratory, Kyushu University, Japan.
Remarks. R. foliorum was compared with two Japanese congeners whose morphological features were fully redescribed recently Nohara et al., 2007) . Other Japanese congeners, as well as many other Palaearctic species, have been inadequately described for precise morphological comparison. R. foliorum is distinguishable from R. yomogicola (Matsumura) and R. longitubifex (Shinji) as follows: eye bridge 4 facets long and palpus 2 segmented in R. foliorum, while 5 to 6 facets long and 3 to 4 segmented in R. longitubifex; male abdominal tergite VII rectangular, as wide as the preceding in R. foliorum, while narrower than the preceding in R. yomogicola and R. longitubifex; male abdominal sternites II to VII with middle and caudal rows of setae in R. foliorum and R. yomogicola, while caudal rows of setae and scattered setae elsewhere in R. longitubifex; eight dorsal papillae present on larval meso-and metathorax and first through seventh abdominal segments in R. foliorum and R. yomogicola, while six dorsal papillae present in R. longitubifex; base of pupal antenna gently rounded apically in R. foliorum, while relatively long, well sclerotized, apically pointed in R. yomogicola.
Biological information
Host plants. Artemisia princeps Pampanini and A. montana (Nakai) Pampanini in Japan (Current data) and A. vulgaris Linnaeus in Europe (e.g. Barnes, 1949; Skuhravá, 1986) . Artemisia indica Willdenow has been known to occur in southwestern parts of Japan including Okinawa Prefecture (Hotta et al., 1989 ), but we have not seen any galls of R. foliorum on A. indica. Farmers do not cultivate A. indica because of its bitter taste (personal communication with a farmer, 2007).
Both A. princeps and A. montana are included as different species in the section Artemisia by Satake et al. (1981) . In other cases, the former is treated as a synonym of A. indica (Porcher et al., 2005) and the latter is included in A. vulgaris (Takematsu and Ichizen, 1987) or given a name A. vulgaris var. indica (Wallich) Maximowicz f. montana Nakai (Makino Herbarium Database of Plant Specimens, 2004) . Inconsistency in these taxonomic treatments indicates that these Artemisia species are likely to be included in the same section and that R. foliorum induces galls on closely related species of
Artemisia.
Gall. Small ellipsoidal or spindle-shaped galls with fine whitish hairs on the surface are induced on the upper-or lower surface of Artemisia leaves. The distal part of the gall is sometimes twisted irregularly. Galls do not stand perpendicular to the leaves but are somewhat flattened against the leaf surface ( Fig. 1B and C) . The mean long axis of the galls is 2.54 mm (Nϭ20, ranging from 1.28 to 3.40 mm) and the mean short axis is 1.10 mm (Nϭ20, ranging from 0.67 to 1.70 mm). Each gall consists of a single larval chamber occupied by one gall midge larva or pupa.
Abundance of galls. In the Artemisia field in Ohton, Yaese Town, Okinawa Island, 95% of 200 A. princeps plants surveyed bore the galls in 2003 (Table 1 ). In 2007, we confirmed that the heavy infestation has been continuing there, the proportion of gall-bearing plants ranging from 55.63 to 96.46% (Table 1 ). In contrast, the proportion of gall-bearing plants was significantly lower in the dry riverbed, river edge, and grassland than in Artemisia fields (Table 1) .
Parasitoids in Japan. We reared for the first time several adults of a pteromalid species from the galls collected from Ohton in February 2007. The pteromalid was confirmed to be an endoparasitoid. Percentage parasitism by the wasp was only 2.11% in this case (Table 5 ) but about 90% in other cases.
Distribution. Japan (Hokkaido, Honshu, Shi- a Eggs were not counted because they were very tiny and did not exist in the galls, although many eggs were assumed to have been laid by adults emerged as indicated in this table. b Indicating apparent percentage parasitism by the pteromalid wasp. Actual parasitism, 7/332 (ϭ65ϩ50ϩ103ϩ107ϩ7), would be 2.11% because the wasp is an endoparasitoid and lay eggs in young host larvae, and then mature parasitoid larvae come out of mature host larvae to pupate in the galls.
koku, Kyushu, and Okinawa and Ishigaki Islands) and Europe. Life history. Current collecting data of specimens examined on slide mounts and those used for DNA analysis (Table 2) , together with field data of gall abundance (Table 1) indicate that R. foliorum is multivoltine with overlapping generations in Japan. Recent records of this species in the UK indicate that it is multivoltine there and, although no detailed studies have been published, the same is probably true for the species in mainland Europe. The age structure of R. foliorum in February and March (Table 5) indicates that it overwinters, without entering diapause, at every developmental stage in Okinawa Prefecture and limited observations in the UK indicate that this is also the case there.
Other Rhopalomyia gall midges. Although R. cinerarius and R. yomogicola have been known to occur in Okinawa (Yamauchi et al., 1982; Yukawa and Masuda, 1996) , we could not find them on wild and cultivated Artemisia and cultivated Chrysanthemum in Ohton.
Molecular phylogenetic analysis
The length of the amplified mitochondrial COI gene fragment was 439 bp. Monophyly of the clade including all R. foliorum individuals on A. vulgaris from UK, the pest gall midge on A. princeps from Okinawa, and Rhopalomyia sp. on A. princeps and A. montana from different localities in Japan was supported by a high bootstrap value (Fig. 3) . The minimum genetic distance between the pest gall midge and R. foliorum from the UK was 0.0046. The number of different nucleotides and deduced amino acid residues between them were 2 (0.46% of 439 bp) and 0, respectively. These data, together with morphological studies, indicate that the pest gall midge in Okinawa is identical with R. foliorum from the UK. Some haplotypes were found in R. foliorum populations on different host plants and from different localities in Japan. The maximum genetic distance was 0.057, which was recorded in two combinations: between individuals from Ohno, Hokkaido (No. G110) and Ohton, Yaese, and between those from Ohno (No. G110) and Mt. Omoto-dake, Ishigaki Is., Okinawa (No. G96) . The number of different nucleotides and deduced amino acid residues between them were 24 (5.47% of 439 bp) and 2, respectively. 496 T. GANAHA et al. 
DISCUSSION
Morphological features ( Fig. 2A-D) and sequencing data (Fig. 3) indicate the pest gall midge in Okinawa and Rhopalomyia sp. on A. princeps and A. montana in Japan are identical with R. foliorum in Europe. The genetic distance was very short and the nucleotide difference was very small between R. foliorum populations in Okinawa and the UK, even though they are geographically so far apart at the eastern and western extremes of the Palaearctic Regions. In addition, several haplotypes exist in Japan. These facts indicate that R. foliorum is not an alien gall midge in Japan but has been widely distributed in the Palaearctic Region and has recently expanded its habitat from wild to cultivated Artemisia in Japan.
The proportion of wild A. princeps plants that are galled by several Rhopalomyia species has been known to increase from spring through summer to autumn, but does not exceed 10% in the riverbed and 27% on the riverbank and around river edges (Ganaha et al., 2006) . Therefore, a high proportion of gall-bearing plants in Artemisia fields (Table 1) indicates that R. foliorum has shifted from non-pest to pest status and reached an outbreak situation following the cultivation of A. princeps under high plant densities (Table 3) .
As mentioned in the introduction, a shift from non-pest to pest status may be caused by drastic changes of land-use, cultivating methods, and control measures, effects of global warming, and introduction of new cultivars. In the case of R. foliorum in A. princeps fields, improvement of nutrient status by fertilizer application, combined with highdensity cultivation and occasional cutting of shoots and leaves might promote vigorous growth of new shoots. Under such conditions, R. foliorum would take advantage of continuous production of new shoots because it is a multivoltine species and does not enter winter diapause (Table 5 ) in a warm subtropical climate like Okinawa Prefecture.
Of course, occasional shoot harvesting would cause death of some gall midge larvae. Nevertheless, many galls might be induced and most gall midge larvae could survive, as has been well explained by the plant-vigor hypothesis (Price, 1991) . Examples of population increase on vigorous plant parts have been demonstrated in various gall midge species, such as Dasineura marginemtorquens (Bremi) on Salix viminalis Linnaeus (Salicaceae) (Glynn and Larsson, 1994) , Contarinia sp. on Palicourea rigida Humboldt, Bonpland and Kunth (Rubiaceae) (Vieira et al., 1996) , and Contarinia sp. on Bauhinia brevipes Vogel (Fabaceae) (Fernandes, 1998) .
Until March 2007, no insecticides were registered on the list of agricultural chemicals that are allowed to be used against pests on Artemisia because the plant is not a major crop. In this study, we found a pteromalid species attacking the pest gall midge. Further investigation is needed to confirm if the extremely high population density of R. foliorum can be controlled with parasitoid species instead of insecticides, which may be ineffective against a pest that inhabits galls.
